Shape Memory Polymers (SMPSMPs) exhibit the intriguing ability to change back from an glass transition temperature, T g , or the shape or intensity of the tan δ peak of the host 24 matrix. Therefore, it was anticipated that the presence of BTDB would have no effect, 25 positive or negative, nor on the shape memory properties of the host matrix. However, it 26 was found that the incorporation of clay, especially at the 1 mass% level, significantly 27 accelerated the speed, compared to with the clay-free SMPSMPs, at which the 28 microcomposite returned to the original, permanent shape. This accelerated return to the 29 permanent shape was also observed when the microcomposite was coated onto a 100 µm 30 PET film. 
49
1. Introduction.
50
Shape memory polymers (SMPSMPs) have the ability to store a permanent shape and be 51 deformed into a temporary shape by applying an external stress and temperature. This 52 temporary shape is stored by cooling into the dormant shape, in which it remains, until it is 53 encouraged to return to its original, permanent shape (FigureFig. 1). The transformation from 54 the stressed temporary shape back to the permanent, stress-free shape is usually triggered by 55 thermal (Liff et al., 2007) , electrical ), or other environmental stimuli e.g. UV 56 or visible radiation (Jiang et al., 2006) . This change from temporary to permanent shape is 57 essentially driven by the elastic strain stored in the dormant shape during the initial 58 deformation into the temporary shape (Liu et al., 2007) . 
62
The most common SMPSMPs are thermally-responsive, which means that the material is 63 deformed into its temporary shape, at one temperature and a second thermal change is 64 required to initiate the return to its original, permanent, shape. The temperature at which this 65 change in shape occurs is referred to as the transition temperature, T trans , and is typically the 66 glass transition temperature, T g , or melting transition temperature, T m , of the polymer. The 67 unique, 'tunable' properties of SMPSMPs make them attractive for a number of potential 68 applications in almost every avenue of life, ranging from self-repairing car bodies (Ikematu et Two commonly adopted approaches to improve and expand the applications of SMPSMPs 
102
To our knowledge the enhancement of tBA-co-PEGDMA networks via incorporation of OC 103 has yet to be reported, thus this contribution represents a benchmark study designed to 
Experimental 113

Materials 114
The mono-functional acrylate tert-butyl acrylate (tBA), the di-functional acrylate received. The purity of tBA was λ8%, while the purities of the other reagents were ≥ λλ%.
119
The Cloisite 10A (C10A), is a bentonite in which the resident Na + A series of polymer networks were prepared using selected ratios of the monomers (Table 1) .
133
The tBA, PEGDMA, DMPA and EDB were weighed out and added together in a glass vial, 134 wrapped in foil and the solution was magnetically stirred for 30 mins at ca. 22°C. The The tBA90/PEGDMA10 polymer network was used as a host matrix for selected quantities 139 of BTBD (Table 1) . The procedure was similar to that described above except that the and deformed to a temporary shape using an external force, which applied a fixed 169 compression stress.
2) The sample was fixed into its temporary shape by rapid cooling in a 170 fridge, at 3±2°C, while the external force was maintained, θ Max .
3) The external force was 171 removed and θ Fixed °, was assessed. 4) The sample was placed in the heated chamber at a fixed 172 temperature and recovery to θ Final was recorded over time (Lin and Wu, 1992) .
174
The ATR-FTIR spectra were collected using a Nicolet, Nexus FT-IR model at room . The T g was defined as the peak maximum of 182 the tan δ curve. The rubbery modulus was determined from the storage modulus, when it had 183 reached a steady state above the T g as indicated by the unchanging tan δ curve.
184
The unconstrained shape memory capability of the tBA-co-PEGDMA and 185 tBA90/PEGDMA10 BTBD networks was evaluated using a customised platform consisting
186
of a hotplate, a glass enclosure and a temperature probe ( FiguresFigs. 6, 9 and 10) covers the sample to sample variation.
200
The unconstrained shape memory effect of uncoated PET and the coated PET samples, 60 x 201 20 x 0.03 mm 3 , was determined by cutting slits in the flat samples ( Fig. 3a) and placing them 
Results
218
Initial observations. 219
The complete absence of three diagnostic absorbance bands in the FTIR spectrum of tBA, 
Dynamic mechanical analysis 234
The temperature variation of the storage modulus and tan δ, of the t100/P0 to t0/P100 235 samples, were plotted as a function of temperature, -50 to 125°C (Fig. 5) , and the relevant 236 dynamic mechanical properties are summariszed in Table 2 . 
264
The initial storage modulus of the pure PEGDMA, t0/P100 (□, Fig. 5a ), was 2129 MPa at -
265
50°C and this steadily decreased reaching a value of 1903 MPa at -47°C. The T g of this
266
system was -26°C at which point the tan δ max value was 0.6 tan δ (Fig. 5b) . This latter value 267 was sufficient to indicate that pure PEGDMA would exhibit shape memory capability, while was predicted to exhibit some useful shape memory properties.
274
At -50 ˚C pure tBA, t100/P0, exhibited an initial storage modulus of ca. 2005 MPa (◊, Fig.   275 5a) which decreased steadily until ca. +22°C, when the modulus had reached ca. 1145 MPa.
276
The narrow, high intensity tan δ max value, of 2.1 tan δ, together with the return back to a tan δ 277 value of zero (Fig. 5b) 
286
The systems with the more intense tan δ max values, i.e. t90/P10 to t60/P40 (Table 2) demonstrated that the t100/P0 material could easily store the full amount of imparted strain.
317
Yang et al. (2007) reported that at low temperatures, i.e. T low , the entropy driven strain 318 recovery forces are simply not sufficient to overcome the barrier to shape recovery.
319
Consequently, the deformation cannot recover while the sample is maintained at T low , even at 320 long times, because the activation energy required to initiate recovery cannot be achieved. The tBA-co-PEGDMA networks were fully cured and thermally stable, offering useful 362 mechanical properties with most of the investigated combinations able to provide a shape 363 memory response. Networks with high PEGDMA contents exhibited poor shape memory 364 properties, being brittle and fracturing when subjected to large deformations. The t90/P10 365 network showed the most promise because it could be fully polymerised, offered useful 366 mechanical properties, with similar elasticity and shape recovery capability to pure tBA, and 367 had a rubbery modulus (above its T g ) capable of withstanding moderate mechanical load.
368
However, even though this system returned to its permanent shape in only 13 secondss, it still 369 exhibited relatively poor mechanical strength when compared to shape memory metal alloys Swelling tests were carried out and ATR-FTIR spectra collected, as described in 3.2.1 above, 378 which confirmed that the polymer networks had fully cured and formed cross-links and that 379 all the BTBD-containing networks displayed similar swelling properties to the equivalent 380 pure polymer (Fig. 4) . The XRD trace for BTBD powder (Fig. 7) displayed diffraction peaks at 4.2 °2θ (21.0 383 Å),1λ.7 °2θ (4.5 Å), and 35.0 °2θ (2.6 Å) which correspond to (001), (110,020) and (130, 384 200) reflections, respectively. The trace for the sample prepared without clay (t90/P10/BTBD 385 0) showed two broad reflections at 9.1 °2θ (9.7 Å) and 17.5 °2θ (5.1 Å) which were attributed 386 to the polymer. The XRD traces for the systems containing 1, 3 and 5 mass% BTBD 387 (t90/P10/BTBD 1, 3 and 5) all displayed a single peak at 4.5 °2θ (1λ.6 Å) as well as the two 388 reflections associated with the polymer, at 9.5 °2θ (9.7 Å) and 17.5 °2θ (5.1 Å). The 389 diffraction peaks associated with BTBD at 1λ.7 °2θ (4.5 Å) and 35.0 °2θ (2.6 Å) were too 390 weak to be seen at these addition levels. The low angle reflection associated with BTBD, in the BTBD-containing networks, appeared 395 at slightly higher angles than that of the BTBD powder (Fig. 7) . Vaia and Liu (2002) have properties. However, these results were remarkably similar to the t90/P10 host polymer so no 429 dramatic increase in shape memory capability was expected. The DMA results confirmed that the incorporation of BTBD resulted in no significant shift of 435 the T g and only small reductions in the tan δ max peak intensity; as noted for shape memory The unconstrained shape memory ability was evaluated to establish whether the BTBD-
430
452
containing networks would demonstrate shape memory and to determine the effect of BTBD 453 content (Fig. 9) . The close proximity of the T g values for the different samples meant that a 454 single deformation regime was appropriate. Table 3 summarises the properties of interest. The t90/P10/BTBD 1 network demonstrated the fastest return to its permanent shape and 476 exhibited the largest rubbery modulus (2.0 MPa) so it was chosen as the preferred system to 477 coat onto a PET substrate. The aim was to determine whether this acrylate network could 478 confer shape memory capability to the PET substrate and whether the presence of BTBD 479 offered any additional capability (Fig. 10) . The t90/P10/BTBD 0 and 1 coated PET substrate and uncoated PET sheet were deformed, after annealing at 70 o C, and their shape memory 481 recoveries determined as described in Ssection 2.4 (Fig. 2 and 3) . All data were obtained at a fixed temperature, 50°C.
501
The uncoated PET sample was deformed to a θ Max of 100 % (Fig. 3) and cooled to T low , 0 to 502 5°C. Upon removal of the steel rod the uncoated PET sample immediately collapsed; Times of 90 and 540 secondss, respectively, showing that the t90/P10/BTBD 0 P coated 512 substrate recovered 50 % of the θ Final very rapidly compared to the full recovery time.
513
The t90/P10/BTBD 1 P coated substrate exhibited a θ Max of 100 % and a θ Fixed of 80 % 514 proving that it was also able to accommodate, and store, a high level of deformation stress, 
Conclusions
523
The tBA-co-PEGDMA crosslinked networks displayed useful shape memory properties up to incorporating OC on the shape memory capability. X-ray diffraction data confirmed that
528
BTBD formed a microcomposite in the selected matrix and hence exerted no influence on the 529 storage modulus, rubbery modulus, glass transition temperature, T g , or the shape or intensity 530 of the tan δ peak of the host matrix. Therefore, it was anticipated that the presence of BTBD 531 would have no effect, positive or negative, on the shape memory properties of the host 532 matrix. However, it was found that the incorporation of clay, especially at the 1 mass% level, 533 significantly accelerated the speed at which the microcomposite returned to the original, 534 permanent shape. This accelerated return to the permanent shape, compared to the clay-free 535 SMP, was also observed when the microcomposite was coated onto a 100 µm PET film. 
